Introduction
Salt-marsh sea-level reconstructions can extend tide-gauge measurements back in time to create multi-century or millennia time series that may be compared with various forcing mechanisms, such as climate, ocean dynamics and ice sheet history. A key way to assess the reliability of these long-term records is to compare periods of overlapping salt-marsh data with tidegauge measurements. Often the data agree (e.g. Gehrels et al., 2005) but in some instances they do not; for example, a study of 20th century sea-level rise using salt-marsh foraminifera from New Zealand's North Island reconstructed rates of sea-level rise that are about double that recorded at the nearby Auckland tide gauge (Grenfell et al., 2012) . Haigh et al. (2009) . The salt-marsh RSL reconstruction of Kemp et al. (2011) from North Carolina is also shown. None of the records are corrected for vertical land motions (GIA). The vertical shaded bar denotes the period of sea-level acceleration identified in North Carolina salt-marsh sediments by Kemp et al. (2011). and 2). Compared with the American salt-marsh records referred to above, these European tide-gauges record a more gradual longterm acceleration in sea-level of about 0.01 mm yr −2 (Gehrels and Woodworth, 2013; Woodworth et al., 2011a Woodworth et al., , 2009 Woodworth et al., , 2011b . Two European salt-marsh studies reconstruct RSL trends over the last 150 years and provide evidence for this acceleration (Leorri et al., 2008; Rossi et al., 2011) , but well-dated records over the last 300 years are lacking. Gehrels and Woodworth (2013) re-analysed the salt-marsh RSL records referred to above, focusing on when sea level first deviated from a background linear trend. Using only directly dated sea-level index points, they argued that the onset of modern RSL rise in the northwest Atlantic happened between AD 1925 and 1940 . Inflexions around AD 1920 -1930 (Woodworth, 1990 and AD 1960 have been identified in some of the longest European tide-gauge records, but these are not clear in a compilation of European records by Jevrejeva et al. (2006) , perhaps reflecting the use of short record lengths in the latter analysis (Gehrels and Woodworth, 2013) . There are therefore important differences in the timing and pattern of RSL change in the last several centuries in the North Atlantic that need addressing. Data archaeology is recovering some new long tide-gauge data (e.g. Haigh et al., 2009; Woodworth, 1999) but this is unlikely to generate multi-century records that are not already known. For this reason, salt-marsh archives provide an important source from which longer records can be reconstructed, especially from the northeast Atlantic coastline.
Here we develop a new 300-year sea-level reconstruction from a salt marsh on the Isle of Wight (central English Channel) that we compare with long European tide-gauge records and other saltmarsh reconstructions from the North Atlantic. We show that saltmarsh records are able to replicate the long-term sea-level rise observed by the northwest European tide-gauge records, confirming a strong spatial coherence in sea level over the last 150-300 years in this region. We obtain a long-term rate of sea-level rise since the start of the eighteenth century of 0.9 ± 0.3 mm yr −1 . Errorin-variables changepoint analysis does not identify statistically significant inflexions in this reconstruction. The absence of an inflexion in our Isle of Wight record differs from the pronounced inflexion observed in North American salt marsh reconstructions, particularly that from the North Carolina reported by Kemp et al. (2011) . This raises some important issues, not least since the latter has been used recently as if they were a quasi-global average time series in combination with semi-empirical global models of climate-driven sea-level change (Kemp et al., 2011) . The contrast emphasises the need for multiple, geographically distributed saltmarsh RSL records from across the North Atlantic to determine forcing mechanisms.
Study site
Newtown Estuary is located on the north side of the Isle of Wight. It is divided into six "lakes", a term derived from Old English that means "stream" or "tidal creek", that each supports extensive salt marshes and tidal flats (Fig. 3) . We chose to study a salt marsh on the south bank of Clamerkin Lake, to the east of Newtown village, because: (i) the study area has one of the lowest tidal ranges in the English Channel (2.6 m at Spring Tide) which helps to reduce vertical uncertainties in sea-level reconstruction; (ii) Newtown Estuary escaped the invasion of Spartina alterniflora that affected sedimentation rates in many English salt marshes in the 20th century (Hubbard and Stebbings, 1967) , and (iii) historic maps suggest little change in salt-marsh morphology since at least AD 1840 (the first series Ordnance Survey map), and; (iv) there are several European tide gauges with long records in reasonable close proximity, notably Brest (AD 1758-present) and Newlyn (AD 1915-present) (Fig. 1) .
Methods
We collected surface sediment samples for foraminifera and organic content analyses from 2 cm vertical intervals in two transects across the marsh (Fig. 4) , surveying all elevations with respect to Ordnance Datum (OD) using Global Positioning System (GPS) equipment. Fossil diatoms are not preserved in the salt marsh deposits and so our sea level reconstructions are based on foraminifera and pollen that are interpreted alongside the core stratigraphies. We mapped the salt-marsh stratigraphy with seven transects (two shown here, Fig. 3 ) using hand augers and collected sample cores from two high marsh locations (NM-6 and NM-16) using a hand-operated 8 cm-wide corer. Organic content is expressed as percentage loss on ignition (LOI) determined by combustion of material at 550 • C for a minimum of four hours.
We develop a chronology for our samples using Accelerator Mass Spectrometer (AMS) 14 Because our interest is in identifying changes in the rate of RSL change over multi-decadal to century timescales, we do not correct our records for long-term GIA which is essentially linear over these timescales. We are explicit where we compare our data with others as to whether we are comparing like-with-like or GIA-corrected rates. We calculate our rates of RSL change using weighted ordinary least squares fits, assuming a one sigma uncertainty in the vertical term and ignoring uncertainty in the age term. We also use error-in-variables Bayesian changepoint regression modelling (EIV-CP; Carlin et al., 1992; Spiegelhalter et al., 2002 ) to characterise the sea-level datasets in terms of rates of change and to determine the existence of inflexions ('changepoints'), if present and statistically valid. The EIV-CP approach considers both age and altitude uncertainties that are inherent characteristics of salt-marsh proxy records of sea level. We analyse three datasets using EIV-CP: the non-GIA-corrected North Carolina reconstruction (Kemp et al., 2011) and our two reconstructions from Newtown Estuary. Each dataset is analysed using five EIV-CP models in which the number of changepoints considered differs from zero to four.
Results
Our microfossil reconstructions are based on foraminifera and pollen. We counted 56 foraminiferal surface samples across a height range of 0.80 m from Newtown Marsh (Fig. 4) . The assemblage is dominated by a combination of Jadammina macrescens and Trochammina inflata, with lesser frequencies of Quinqueloculina sp. and Miliamina fusca in the low and mid marsh respectively. A low frequency assemblage of J. macrescens occurs above c. +1.30 m OD. The overall distribution of foraminifera is broadly comparable to that recorded on other salt marshes in the central English Channel (Horton and Edwards, 2006) (Fig. S5) . However, the low species diversity and turnover, and the distribution of the main taxa, notably T. inflata and M. fusca that peak in the mid marsh, mean that these data are not suitable for analysis using transfer function or matching analogue techniques due to poor model performance (r palaeoenvironmental reconstruction methods operate best with more diverse assemblages and more clearly defined optima across a range of elevations (Barlow et al., 2013; Kemp et al., 2009a; Long et al., 2010) . For these reasons we focus on establishing an indicative range for each fossil sample based upon a combination of litho-and biostratigraphic information.
The lithostratigraphy comprises a pre-Holocene surface that in Transect A descends below the marsh to c. −1.50 m OD (Fig. 3 ).
An organic silt in the base of the seaward cores in Transect A is overlain by silts and clays that become increasingly organic-rich up-core. At the landward end of both transects the sediments are shallower and also become more organic. Above +0.6 m OD there is often a dark organic-rich silt immediately above bedrock that is overlain by iron-stained silts that grade upwards into organic-rich silt. There is no evidence for tidal channel migration or erosion. Each sample core was analysed for their fossil foraminifera and pollen (Fig. 5) . In NM-16, the higher of our sample cores, there are occasional specimens of J. macrescens above 54 cm that increase in abundance above 34 cm and indicate deposition in a high salt marsh. We do not place particular weight on these very low foraminiferal counts from a sea level perspective, other than to note that they suggest sedimentation between 54 cm and 34 cm occurred above the reach of normal high tides. Above 16 cm M. fusca appears for the first time and increases in frequency compared to the lower levels whilst those of J. macrescens fall. This suggests the establishment and slight lowering of the palaeomarsh surface relative to tide level, as does the occurrence of low frequencies of Haplophragmoides wilberti above 7 cm.
The pollen in the lower parts of NM-16 adds important information to the foraminifera data. Pollen in the base of the core (56-50 cm) indicates that a freshwater heathland developed above the pre-Holocene surface. The high frequencies of angular charcoal at this depth show that burning occurred on or close to the site, either as part of the heathland management or associated with salt making, an industry that was common in western parts of Newtown Harbour from the Medieval period onwards (Currie, 2000) . The slowly-increasing up-core trend in LOI values indicate a relatively dry environment that became progressively waterlogged. This lead to the increased preservation of organic matter, likely the result of an elevation of the local freshwater table as the proximity of marine conditions to the core site increased. As tidal flooding became more common, salt marsh conditions developed. The latter is marked at 34 cm by a pronounced increase in the frequencies of halophytic pollen types, notably Plantago maritima, a plant that is common on high or mid marsh environments in the UK (Mossman et al., 2012) , and also by low occurrences of Armeria A and B lines. The pollen data above this level suggests a slight lowering of the palaeomarsh surface with, for example, a subtle increase in frequencies of Triglochin maritima above 24 cm and, above 16 cm, a gradual increase in frequencies of Chenopodiaceae. The upper part of the profile is marked by an increase in tree pollen above 18 cm, notably the rise in Pinus and Quercus, which record the establishment of plantations in the region.
Loss on ignition data for core NM-16 records an increase in organic content up-core, from c. 20% at the core base to c. 45% at 8 cm, before levelling off slightly. This trend is broadly mirrored by a gradual reduction in gamma density and by an increase in the plant macrofossil content visible in the sample core.
Taken together, the data described above from NM-16 record an initial phase of freshwater sedimentation above the high marsh (> +1.40 m OD between core depths 54 to 34 cm), followed by the on-site establishment of salt marsh conditions and then a slight lowering of the palaeomarsh surface from c. +1.40 m OD at 34 cm core depth to the present core top elevation of +1.32 m OD.
We analysed core NM-6 at lower resolution to assess spatial variability in RSL reconstructions from the same marsh. Core NM-6 records a broadly similar sequence to that in NM-16, although the palaeomarsh surface was lower and the rate of sedimentation higher throughout. The basal part of the core (54 to 22 cm) contains low frequencies of J. macrescens and T. inflata, indicating deposition at the highest levels of the intertidal zone. This is confirmed by low frequencies of Chenopodiaceae and P. maritima, together with an abundance of Poacea pollen. Above 22 cm frequencies of foraminifera increase and a mixed assemblage of J. macrescens, T. inflata and M. fusca is recorded and, above 16 cm, H. wilberti. Frequencies of T. maritima and then Brassicaceae pollen increase above 16 cm, confirming a lowering of the marsh surface that continues to the core top. A similar rise in Pinus and Quercus tree pollen to that observed in NM-16 occurs above 26 cm.
Age constraints for the two cores are provided by AMS , 1997) , and with ages inferred from stable lead isotopic ratios (Fig. 5 ).
To develop a RSL record we compare the fossil and modern foraminifera, together with the pollen data, to define indicative meanings for samples from each core. Based on the agglutinated foraminiferal data, we are confident that the deposits in NM-16 above 34 cm, and all of those in NM-6, formed under salt marsh conditions. This is confirmed by the pollen data. The present-day salt marsh extends between +1.40 m and +0.75 m OD, which yields an initial indicative range of 1.08 ± 0.32 m. However, the reconstructions described above strongly suggest deposition occurred within a narrower vertical range located towards the upper part of the salt marsh. In particular, we note that the fossil foraminifera in both cores contain no Quinqueloculina sp. which in the presentday environment at Newtown Marsh (Fig. 4) , and elsewhere in the Solent region (Horton and Edwards, 2006) (Fig. S5) , only occurs below c. +1.11 m OD. On this basis, we ascribe a narrower indicative meaning for both sediment sequences of between +1.11 m and +1.40 m OD (+1.26 ± 0.15 m), which is the highest occurrence of salt marsh at Newtown today. This is a conservative range because our pollen and microfossil data provide no evidence that either site experienced a palaeomarsh surface elevation that was ever lower than the current core top (+1.32 m OD, NM-16; +1.27 m OD, NM-6). We note that the contemporary and fossil assemblages contain few calcareous foraminifera and that this may imply some dissolution, but our reconstructions rely on the agglutinated forms and so are not affected by this.
Relative sea-level reconstruction
We convert our palaeomarsh surface reconstructions into RSL by using the equation:
We plot the resulting values against sample ages based on the age model for each core (Fig. 6 ) and restrict our reconstruction in our main core (NM-16) to the last 300 years and NM-6 for the last 100 years which is the sensible limit to our age models (NM-6 has only one pre-20th century age control provided by the rise in Pinus pollen frequencies).
We estimate post-depositional lowering (PDL) due to compaction by applying the conceptual and numerical decompaction model developed by Brain et al. (2011 Brain et al. ( , 2012 that applies a UK database of compression properties to core NM-16 (see Supplementary Information). Model results show that PDL is negligible downcore (Fig. S7) , peaking at 0.003 ± 0.001 m at a depth of 37 cm, and does not affect our reconstruction of sea level. The negligible PDL reflects the core stratigraphy, comprising organic, low density sediments that overly higher density sediments of lower organic content. This generates very low effective stresses (≈1.66 kPa at the base of the core) that cause negligible compression of sediments, which remain in their low compressibility ('over-consolidated') condition throughout.
Linear regression through the NM-16 sea-level data indicates a rate of RSL rise of 0.9 ± 0.3 mm yr −1 since the start of the eighteenth century (AD 1706 (AD -2011 . Visual inspection of the record (Fig. 6 ) suggests a possible acceleration in the late 19th/early 20th century. This coincides with a foraminiferal assemblage change that sees the replacement of a J. macrescens dominated assemblage by one comprising J. macrescens and M. fusca. As noted above, this indicates a slight lowering of the palaeomarsh surface relative to tide level and so this may suggest a real sea-level acceleration that occurs independently of the age-depth model. However, EIV-CP analysis shows that only the zero changepoint model converged for the NM-16 reconstruction, indicating that no statistically valid changepoints exist in this dataset. The reconstruction from NM-6 yields a RSL rise based on linear regression of 2.3 ± 1.3 mm yr −1 for the period since AD 1920. This compares to a rate of 1.5 ± 1.6 mm yr −1 over a similar period in NM-16. The higher rate of RSL from NM-6 reflects its lower position in the tidal frame which makes it less reliable for RSL reconstruction (Gehrels, 2000) . Again, EIV-CP analysis indicated that the NM-6 dataset has no changepoints.
Discussion

Sea-level changes in the central English Channel during the last 300 years
We compare our Newtown salt-marsh RSL reconstruction with nearby tide-gauge data from Southampton and Portsmouth, based upon the recent analyses of 20th century mean sea-level trends in the English Channel (uncorrected for GIA) by Haigh et al. (2009) . The Southampton (AD 1935 (AD -2005 and Portsmouth (AD 1962 (AD -2007 tide-gauges record rates of mean sea-level rise of 1.2 ± 0.2 mm yr −1 and 1.7 ± 0.3 mm yr −1 respectively (Fig. 6 ).
There is significant interdecadal and decadal variability in these records that can bias estimates of long-term sea-level change. Haigh et al. (2009) developed a sea-level index that represents this variability, derived from the six longest UK tide-gauge records. The index-corrected rates of Southampton and Portsmouth are 1.3 ± 0.2 mm yr −1 and 1.2 ± 0.3 mm yr −1 respectively. Both the original and index-corrected mean sea-level rates from these gauges are slightly lower than the rates inferred from our Newtown saltmarsh record (1.5 ± 1.9 and 1.5 ± 3.4 mm yr −1 for the respective periods for NM-16), but are consistent within the uncertainties (Fig. 6 ).
The rate of 20th century RSL rise of 1.3 ± 1.2 mm yr −1 (AD 1897-2011) reconstructed from our Isle of Wight salt-marsh data is lower than the non-GIA corrected rates that are typical of the east US coast tide gauges where the effects of forebulge collapse associated with the former Laurentide Ice Sheet are significant (e.g. New York 2.7 mm yr −1 , Charleston 3.2 mm yr −1 , Halifax 3.5 mm yr −1 , Miller and Douglas, 2006) (Fig. 2) . There are no comparably detailed salt-marsh RSL records that cover the last 300 years from elsewhere in the English Channel, but the linear rate of 0.9 ± 0.3 mm yr −1 since the start of the eighteenth century is consistent with that inferred over the last 2000 cal. years by Long and Tooley (1995) using late Holocene sea-level data of +1 to 1.5 mm yr −1 , and that inferred from historically-dated beaches in the Solent of c. +1.5 mm yr −1 during the last ∼400 years (Nicholls and Webber, 1987 ) (both of the latter rates are not corrected for GIA).
Relative sea-level changes in northwest Europe during the last 300 years
The Newtown RSL record compares well with the century-scale trends recorded by the longest northwest European tide gauges (Fig. 7) , confirming that such records, especially if derived from a high salt-marsh setting (e.g. NM-16), can provide robust reconstructions of century-scale trends in RSL from northwest Europe. We now compare the Newtown record with the Brest tide-gauge record and two other salt-marsh studies completed from northwest Europe, one from northern France (Rossi et al., 2011 ) and a second from northern Spain (Leorri et al., 2008) (Fig. 7) . We use, as a basis to aid for comparison between records, the global sea-level reconstruction based on tide-gauge data provided by Church and White (2011) .
The Brest tide-gauge record (Wöppelmann et al., 2008) provides a regional, long-term alternative observational record to our Newtown reconstructions and the shorter duration tide-gauge records of Southampton and Portsmouth. Standard linear regression analysis for the 19th and 20th century parts of the Brest record are 0.4 ± 0.2 mm yr −1 and 1.1 ± 0.2 mm yr −1 respectively (Wöppelmann et al., 2008) . In the Morbihan Gulf, Rossi et al.
(2011) reconstruct a rate of RSL over the last 150 years of 1.6 ± 0.5 mm yr −1 that they suggest agrees with the Brest tide-gauge record but which does not replicate the long-term acceleration recorded by this tide gauge. The Spanish record from the Plentzia Estuary (Leorri et al., 2008) shows a good agreement to the linear rates of sea-level rise obtained from the tide-gauge records from Santander and Brest. Their record starts in AD 1820 ± 20, chronologically tied to an increase from background levels in Pb pollution that has been dated elsewhere to AD 1800-1850 (Renberg et al., 2002) . Leorri et al. (2008) propose a sea-level acceleration at c. AD 1900 but there are only three points between AD 1800 and 1920 and more data are needed to be confident in this conclusion, especially given the relatively large age and height uncertainties in the data. García-Artola et al. (2009) (Gehrels et al., 2005) , Barn Island, Connecticut (Donnelly et al., 2004) , North Carolina (Kemp et al., 2011) , Newtown, Isle of Wight (this study), Morbihan Gulf (Rossi et al., 2011) and Plentzia Estuary (Leorri et al., 2008) . All data series are plotted against the Church and White (2011) global mean sea level reconstruction (in red) for ease of comparison between datasets. (For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.) control. We therefore do not consider this undated part of their record here.
The sites mentioned above are within 1000 km of each other on the northwest European coastline so one might expect the observed sea-level variability to be similar at each location. We can test for this by using tide-gauge and ocean-model information. For example, annual mean sea-level variability at Newlyn in Cornwall and that at Brest are almost identical throughout the 20th century, apart from a small difference in secular trend (Douglas, 2008; Haigh et al., 2009; Woodworth et al., 2009) , and positive correlation exists at interannual and decadal timescales from North Sea stations to Spain (Woodworth et al., 2009; Woodworth, 1987) .
We also assess spatial variability by using time series of sea level from an ocean model based on the Massachusetts Institute of Technology (MIT) general circulation model (Marshall et al., 1997a (Marshall et al., , 1997b forced by National Center for Environmental Prediction (NCEP) monthly mean wind stresses and constrained by hydrographic fields provided by the UK Meteorological Office (Smith and Murphy, 2007) . This model was implemented by the University of Liverpool and National Oceanography Centre, Liverpool, and run initially for 60 years ) at a resolution of 1/6 deg lat ×1/5 deg long. The model suggests high (zero-lag) correlation between annual mean sea-level values between southern England and Spain of approximately 0.7 (time series detrended to leave interannual and decadal signals only) or 0.8 with a 7-year filter to approximate the resolution of our salt-marsh sampling (Fig. 8) . A similar conclusion can be drawn from the correlation map in Fig. 6 of Calafat et al. (2012) which uses a similar length time series from a different ocean model.
It is harder to assess correlation along the European coastline at longer (e.g. century) timescales using tide-gauge data, given the limitations of the available dataset. Nevertheless, the longest records from northwest Europe do suggest similar low frequency behaviour throughout the 19th and 20th centuries (Woodworth et al., 2011a) , adding weight to the probability that the Atlantic coast might display similar century-timescale changes. Model runs of an Atmosphere-Ocean General Circulation Model (HadCM3) that uses anthropogenic climate forcings (the ALL250 run of Gregory et al., 2006) gives essentially complete coherence of sea level along the European coastline (correlation coefficient of 0.95 using all annual mean values from detrended time series from southern England and northern Spain, and 0.98 with a 7-year filter applied to both series). However, given the limited spatial resolution of such AOGCMs, we are cautious regarding model ability to resolve the narrow shelves in the southern part of the coastline and thereby to represent its sea-level response to the local ocean dynamics.
Relative sea-level changes in the North Atlantic during the last 300 years
A defining feature of the late Holocene RSL record from several salt marshes in the northwest Atlantic is an abrupt acceleration (or inflexion) in the late 19th or early 20th century that is observed against a long-term upwards trend in RSL caused by long term glacio-isostatic subsidence due largely to the collapse of the Laurentide Ice Sheet forebulge. This is different to the records described above from the northeast Atlantic. Although RSL trends along each basin margin are broadly similar, the overall rise in RSL is larger in the west and the biggest contributor to these differences is the late 19th/early 20th century sea-level acceleration (Fig. 7) . The reconstruction from North Carolina by Kemp et al. (2011) is the best dated and most precise sea-level reconstruction from the North Atlantic, and has been used by these authors to infer climate-sea-level forcing during the last 1000 years or so.
The site has a low tidal range that helps keep vertical errors of the reconstruction small, and excellent dating control developed using a range of methods similar to those applied to the Newtown sequence. The acceleration reported by Kemp et al. (2011) in North Carolina between AD 1865 and AD 1892 saw the rate of detrended (GIA corrected) sea-level increase from −0.1 mm yr −1 to +2.1 mm yr −1 , a change of +2.2 mm yr −1 . Our new record from Newtown does not record such an acceleration on the basis of the same analytical technique (EIV-CP). Similarly, simple linear regression changepoint analysis (Carlin et al., 1992) does not identify a synchronous acceleration in the Brest tide-gauge record (data not shown). The different manifestation of this acceleration across the Atlantic cannot be explained by glacio-isostasy, which is essentially linear over these timescales, and implicates other, regionallyspecific processes.
There are good reasons to expect contrasts in sea-level change across the North Atlantic, given the region's complex and linked atmospheric and oceanographic circulation. For example, variations in air-pressure and wind stress resulting in spin-up/down of the North Atlantic sub-tropical gyre (Miller and Douglas, 2007; Woodworth et al., 2010) or as changes in longshore wind forcing (Sturges and Douglas, 2011; Sturges and Hong, 1995) have been suggested as correlating with multi-decadal changes in coastal sealevel observed by North Atlantic tide gauges on both ocean margins. As sea-level pressure increases (decreases) at the centre of the sub-tropical atmospheric gyre, the atmospheric gyre spins up (down) and water is re-distributed such that the rate of sea-level rise along the eastern margin of the North Atlantic falls (rises) (Miller and Douglas, 2007) . If ocean gyres change in strengths on centennial timescales, which has not yet been established, then this re-distribution mechanism provides one hypothesis for the faster 20th century sea-level rise in the western Atlantic.
Dynamic processes are in addition to any spatially variable signal, or "sea-level fingerprint" associated with mass exchange between the land-based ice and the oceans. Such mass changes provide a second hypothesis to explain the contrasts we observe in RSL across the North Atlantic. The exact pattern of any massdriven sea-level fingerprint depends on the source of the mass change. Sea-level fingerprints from a uniform Greenland melt create small, mainly north-south sea-level gradients across the North Atlantic, with the UK located on the zero-isobase contour and north to south gradients along the northeast coast of the USA of c. 0.6 mm between Newfoundland and Cape Hatteras (Mitrovica et al., 2001) . Uniform melt of Antarctica and mountain glaciers generate no significant sea-level gradients across the North Atlantic (Mitrovica et al., 2001) . However, more spatially complex melt histories do have the potential to create spatially complex sea-level fingerprints in the North Atlantic. West Antarctic focused melt generates several "hot spots" of sea-level rise, one of which is centred on the north and central east coast of North America where rates of sea-level rise are predicted to be 25-30% higher than the global average (Mitrovica et al., 2009) . Melt from Arctic and Alaskan glaciers can also produce east-west gradients across the North Atlantic Ocean (Bamber and Riva, 2010) , but observational records supporting spatially variable melt histories are limited in their duration and resolution. Records from the Arctic glaciers suggest that these only reached their maxima in the 1920s and 1930s; 19th century regional observations are not available (Marzeion et al., 2012) . Century-scale melt histories from different parts of Antarctica are also currently lacking (e.g. Nakada et al., 2013) . Greenland has one of the longest melt histories but it seems unlikely that any late 19th century acceleration contains a significant Greenland component, with modelling by Box and Colgan (2013) suggesting a zero contribution from this source (0.0 mm yr −1 sea-level equivalent between AD 1845-1893), compared to the 2.2 mm yr −1 detrended (GIA corrected) acceleration proposed in North Carolina at this time (Kemp et al., 2011) . Moreover, any modest Greenland contribution, or indeed that from other land-based ice sources, would potentially be overprinted by dynamic sea-level variability caused by atmospheric and oceanographic processes; Kopp et al. (2010) show that with a theoretical network of 150 tide gauges, a 0.2 mm yr −1 equivalent sea-level melt from Greenland would only be detectable above the dynamic sea-level variability after 50 years of observation (95% confidence).
Interestingly, Kopp et al. (2010) also show that the east US coast is sensitive to changes in the speed of the Atlantic meridional overturning circulation (AMOC), citing the model predictions of Bingham and Hughes (2009) that predict a 2 cm rise in sealevel for every 1 Sv slow-down in AMOC. This mechanism provides a third hypothesis to explain the faster rates of sea-level rise in the northwest Atlantic. Indeed, slow-down of AMOC is suggested by Sallenger et al. (2012) as an explanation for rapid rates of sea-level rise along the North American east coast between AD 1950 -1979 and AD 1980 , although Kopp (2013 shows that this 'hot spot' anomaly is within the range of past variability and is correlated with Atlantic Multidecadal Oscillation, North Atlantic Oscillation and Gulf Stream North Wall indices. Were changes in the AMOC the main driver of the North Carolina sea-level acceleration of ∼2 mm yr −1 it would require a sustained AMOC slow-down starting in the late 19th/early 20th century. Well-dated records of AMOC speed are limited, but Lund et al. (2006) show that for the Florida Current, which is one component of the North Atlantic circulation, the opposite occurred with a sustained acceleration in the current after the end of the Little Ice Age (dated to c. AD 1800).
Much of this discussion is based on the assumption that the salt-marsh reconstructions from the east USA coast faithfully capture the timing and magnitude of the late 19th/early 20th century sea-level acceleration. However, the US east coast lacks copious and continuous tide-gauge data spanning this key time interval (Fig. 2) . There is only one gauge that spans the period of interest (New York (The Battery), AD 1856-present) which exhibits an acceleration of approximately 0.008 mm yr −2 which is less than that found at European sites (Woodworth et al., 2011b) . Moreover, it does not record the strong acceleration seen in the North Carolina salt-marsh study between AD 1865-1892 (Kemp et al., 2011) . Notwithstanding this, the New York record has been compared with proxy data from a Connecticut salt marsh (Donnelly et al., 2004) to argue for a sharp acceleration between AD 1850 and 1900. However, the proxy reconstruction in this study was based on low-resolution basal peats and did not significantly overlap with the instrumental data. Moreover, Gehrels and Woodworth (2013) suggest that the Connecticut record starts departing from the millennial-scale late Holocene background trend between AD 1920 and 1930 and the North Carolina record between AD 1925 and 1935 In summary, RSL records from both sides of the North Atlantic do not record a synchronous acceleration in RSL during the late 19th/early 20th century (Fig. 7) . Whilst variations in timing and rate can be due to dating resolution and uncertainties, the variability is important. The acceleration in the North Carolina record is much faster and larger than that seen in other salt-marsh records and tide gauges from North America and northwest Europe. Indeed, mindful that this is a subsiding coast on late Holocene timescales, the presence of such a strong sea-level acceleration signal is all the more notable.
These differences are of interest because reliable, long sea-level records that span several centuries or more are being used as if they were quasi-global within semi-empirical model parameterisations that seek to predict future sea-level rise using global average temperatures. Presently the North Carolina RSL curve is the only such proxy sea-level record used by these models (Kemp et al., 2011; Rahmstorf et al., 2012; Schaeffer et al., 2012) , and predicts a 'global' sea-level rise of ∼1 m for a 1.8 • C warming by AD 2100. Its usage is justified on the basis that the GIA corrected record is thought to be a reliable measure of global sea-level change (within ±0.10 cm, equal to more than half the 0.24 m 20th century sea-level rise at this site) (Kemp et al., 2011) . Our study suggests that the RSL records from the northeast and northwest Atlantic differ to that from North Carolina, particularly with regard to the magnitude of the sea-level changes during the late 19th and early 20th century. We propose that this part of the North Carolina record records a regionally specific amplification of more muted changes observed elsewhere in the North Atlantic. The cause of this difference is not obvious but three potential hypotheses are that it records changes in the spin-up/down of the North Atlantic sub-tropical gyre, changes in land-based ice mass, or variations in AMOC strength. Moreover, these regional-scale differences highlight the value of using several, regionally representative RSL records when calibrating and testing semi-empirical models of sea-level against palaeo-records. When using records that over-estimate sea-level rise in the past the models will also over-estimate sea-level rise in the future.
Conclusions
A defining feature of most tide-gauge records that contain over ∼100 years of data is a gradual acceleration in sea-level that is dated to the late 19th/early 20th century. In the northwest Atlantic, only one such gauge exists (New York (The Battery)) and this is incomplete across this interval, yet several salt-marsh sealevel reconstructions from the region record a pronounced RSL acceleration at this time. The most detailed of these is from North Carolina, where detrended (GIA corrected) sea-level accelerated by c. 2.2 mm yr −1 between AD 1865-1892 (Kemp et al., 2011) . This record is important since it has been used to identify strong climate-sea-level forcing at this time and to calibrate a semiempirical model of global climate and sea-level (e.g. Kemp et al., 2011; Rahmstorf et al., 2012) .
Prior to this study there were only two salt marsh-based RSL reconstructions from the northeast Atlantic margin. Here we develop a longer and more precise record, from Newtown marsh (Isle of Wight), that we compare with other RSL records from both sides of the North Atlantic. Our key conclusions are:
1. The rate of RSL rise for the whole record (not GIA corrected) from our best-dated core (NM-16) is 0.9 ± 0.3 mm yr −1 since the start of the eighteenth century (AD 1706 (AD -2011 . Error-invariables changepoints analysis does not identify a statistically significant inflexion in the rate of sea-level rise within this record. 2. The Newtown record broadly agrees with trends recorded by tide gauges and two other salt-marsh records from the northwest European coastline, confirming that salt-marsh records derived from a high marsh setting can provide robust reconstructions of century-scale trends in RSL from this region. 3. Compared to the northwest Atlantic salt-marsh records, a late 19th/early 20th century sea-level acceleration is muted or absent in the northeast Atlantic. In particular, the abrupt acceleration in late 19th century RSL recorded in North Carolina by Kemp et al. (2011) appears to record a locally-amplified sea-level signal. Demonstrating this regional variation in North Atlantic sea-level change is important as it shows that no single site is representative of ocean-wide trends.
